We prove that the most rafined approach -our extension of the Yakovenko et al. model -is a universal in the sense that it well describes both household incomes in the European Union and the individual incomes in the United States for all income social classes. This prove was based on our comparative study of various kinds of incomes. The study constitutes a basis for the finding of an impact of the recent world-wide financial crisis on the volatility of various temporary Pareto exponents and on other parameters of the model.
Introduction
One of the major trends in socio-and econophysics having a long tradition is the study of income and wealth redistribution in society and the analysis of social inequalities. Several models, trying to explain the microscopic mechanisms of income dynamics of individuals or households, were proposed (and refs. therein). However, none of them give an analytical description of the incomes for all social classes by a single formula based on a unified formalism. Recently [30] [31] [32] [33] , we extended the Yakovenko et al. model providing, indeed, such a universal formula. Here we show that this formula, containing a low number of free parameters, well reproduces the empirical complementary cumulative distribution functions (CCDFs) both for the European Union (EU) and for the United States (US). Notably, the CCDF is the main statistical tool commonly used in this context. This is the probability that independent stochastic variable takes value larger than some fixed one.
Universal formula
As for the Yakovenko et al. model, the coexistence of additive and multiplicative stochastic processes is also allowed for our extended Yakovenko et al. model. That is, we assume that household or individual income is determined by: (i)wages and salaries and/or (ii) profits which go to households or individuals mainly through investments and capital gains. Furthermore, for the extended Yakovenko et al. model we assume that the formalism of the income change is the same for entire society but its particular dynamics distinguishes the range of the highincome social class from that of the others (see [32] for details). Finally, the equilibrium probability distribution function we derived in the form [32] , * corresponding author; e-mail: zagielski@interia.pl
where parameter T can be interpreted as an average income per household or individual within the low-and medium-income social classes,while interpretation of parameter T 1 is given further in the text. The shape parameter α is the Pareto exponent, describing the income inequality within the medium-income social class, and the shape parameter α 1 is the Pareto exponent, describing the income inequality within the high-income social class. Parameter m 0 is a crossover (border) income between the low-and medium-income social classes, and m 1 is a crossover income between the medium-and high-income social classes. The complementary cumulative distribution function considered below is, indeed, the integrated quantity of above given distribution function.
Agreement with empirical data
In Fig Tables I and II) . Notably, fits were the best for T 1 = m 1 , which also gives the interpretation of parameter T 1 .
Remarkably, the values of borders m 0 and m 1 are systematically larger for the EU than for the US, except for 2009 (this meaningful exception is discussed further in the text). The systematic deviation is mainly caused by the fact that we compare the household incomes † in the EU with individual incomes in the US.
Apparently, the medium-income social class is strongly reduced (almost absent) in the US in comparison with the EU. This result is persistent, i.e. valid for each considered year (in our case from 2005 to 2010). Besides, the border, m 0 , between the low-and medium-income † In average, there are about 1.5 employers per single EU household. social classes increased at the very beginning of the recent world-wide financial crisis -by about 10% at 2006 in the US and by about 20% at 2007 in the EUincreasing, thereby, the ranges of the corresponding lowincome social classes. Perhaps, these could be identified as early-warning signals preceding the crisis -however, to say something more definite, it requires a much more systematic study. Furthermore, the drastic decrease of the border, m 1 , between the medium-and high-income social classes -by about 65% at 2009 in the EU and almost by the same amount at 2006 in the US (see Table I ) -increases the relative range of the high-income social class. The former border decrease directly relates to the most striking observation that the high-income social class in the EU vanishes at 2009 as then both shape exponents (α and α 1 ) are almost equal (up to about 10% accuracy, see Table II ). Again, it is worthy of a much more systematic study.
TABLE II
Parameters m0 (in US dollars), α and α1 obtained for the years
Conclusions
In the present paper we demonstrated (to best of our knowledge) the first comparison of incomes in the EU and the US done in such a systematic way. It was possible because we applied the extended Yakovenko et al. formula. We proved, herein, that this formula describes the income of the EU households and the US individuals well. By using the extended Yakovenko et al. formula we showed that both in the EU and in the US we deal with three income social classes, where the medium-income social class has only an intermediate character -one can even say that both in the US and in the exceptional year 2009 in the EU, it has a residual character.
We can conclude that the complementary cumulative distribution function, although being a global (macroeconomic) characteristic, is sufficiently sensitive to the crises and crashes, clearly responding over the extended Yakovenko et al. formula to the income situation in each income social class, at least in the EU and the US.
